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Motivation

• Most of the BSM theories predicts for the presence of additional vector 
bosons. 

• Sources of these can be explained on the basis of breakdown of a larger 
symmetry group into the SM gauge group,                                 , and 
additional U(1) gauge groups which may or may not have the charges 
identical to the SM U(1) group. 

• A non-universal Z’ induces tree-level FCNCs which are severly 
constrained by K, D,  and,          meson mixings. 

• A class of Z’ models exists where,  in the down-type quark sector 
FCNCs is either highly suppressed or vanishes. [X. G. He and G. Valencia, Phys. 
Lett. B 680, 72 (2009)]. 

• It was also pointed out that in such model largest FCNC occurs in the tc 
transition with a strength comparable to      . The other transition (tu) 
will have coupling comparable to      . 
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Flavor changing Z' couplings @ LHC

• In a model-independent framework,  Z’ couples with the necessary 
quark for our study via the following interacting Lagrangian

• From meson mixing data

• Lower bound on Tevatron bound on Z’ mass ~ 500 GeV.



Flavor changing Z' couplings @ LHC

• In order to probe these couplings, we studied pp → tZ′X, in which 
the Z′ is produced in association with a single top-quark via a 
FCNC transition. 

• The alternative to this process is tc production at the LHC via Z’ which 
will have relatively larger cross-section too but it has a couple of 
drawbacks : 

• (1) The cross-section depends not only on the FCNC transition but 
also on the flavor diagonal couplings of the Z′ to light quarks which 
is required for Zʼ production. This will make the predictions very 
model dependent.  

• (2) It suffers from larger SM background and it is relatively difficult 
to isolate the signal from the background.



Flavor changing Z' couplings @ LHC

• The responsible parton level for our process are ug --> tZ’ and cg --> tZ’ 
which occur due to t-and u-channel exchange of top-quark.

• The production process depends only on SM parameters, Z’ mass and the 
new couplings.

• Additional model dependence arises due to different flavor diagonal 
couplings of the Z′ which enter at the branching ratios of various final 
states in which the Zʼ will be observed.

• To keep our study as model independent as possible we present our 
results in terms of these branching ratios.



Flavor changing Z' couplings @ LHC

• In ideal cases where Z’ is detected in all its decay products, the 
aforementioned cross-section will give the following LHC sensitivities to the 
Z’ couplings 

gtc,u = g/2 cosθW ×(a, b)



Flavor changing Z' couplings @ LHC

• when the associated top decays leptonically, we have the following final 
states topologies:

• dddd from (a) and (b),                       from (c) and                     from (d).         

• Before background reduction we get the following sensitivites to the Z’ 
couplings for                LHC luminosity for Z‘ mass of 600 GeV and 1 TeV.                     

•                

•



• Background reduction: 







Same Sign top production at the LHC

• Recently it was pointed out that at least some of flavor off-diagonal couplings can be lifted up and 
can be as large as       in models where a right chiral Zʼ couples to the quarks in a non-trivial way.

• Such models can thus explain large top-quark forward-backward asymmetry at tree level, as 
observed at the Tevatron:

• As a consequence we can have large same sign top produced at the LHC which are 
produced via the Zʼ exchange

• As a consequence we can have large same sign top produced at the LHC which are produced via 
the following t- and u-channel processes

At
FB = 0.193± 0.69

S. Jung, H. Murayama, A. Pierce and J. D. Wells, Phys. Rev. D 81, 015004 (2010) [arXiv:0907.4112 [hep-ph]].
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gtu = 1

                           
                           = 1 for Tevatron because at the 
Tevatron, for both tt and  tt production processes 
one initial parton is always a valence u-quark while 
the other is a “sea” u-quark.

Rt = σtt/σt̄t̄

In case of LHC, for the former process both the initial 
partons are valence u-quarks but “sea” (u-)quarks for 
later.



• Also,  R is:
– Independent of the coupling.
– Independent of higher order QCD corrections which can be quite significant 

in our production process but cancel between numerator and denominator 
here. 

– (K-factor@NNLO+NLL is estimated to be ~ 1.2 for same sign top 
production: N. Kidonakis and A. Belyaev, JHEP 0312, 004 (2003) [arXiv:hep-ph/0310299

– Clearly, these ratios alongwith other kinematical variable can serve as an 
important tool to probe the Z’ mass in our model.



Same sign diletpons at the LHC





Summary and conclusion

• We have studied the bounds that can be placed by the LHC on the flavor 
changing couplings of a new Z’ boson to top-charm quarks or top-up quarks  
using the single top production in association with the Z’ process. 

• We also studied a same sign signtaures of a Z’ model with large tuZ’ 
coupling. 

• Mass and spin measurement of the exchanged Z’ is possible even in the 
same-sign top pair production case.

• Lowest value of       accessbile with            of data is 0.005 for                   . gX 10fb−1
√
s = 14 TeV


